We consider an elliptic system of the form -
Introduction
We are concerned with the following singularly perturbed system with Neumann conditions: a nontrivial solution u ε to problem (.) for ε small enough. They showed that u ε attains its maximum value at a point P ε ∈ ∂ , and the subsequences of P ε converge to P, which is the maximum point of mean curvature on ∂ . The subject was studied by many authors for both Neumann and Dirichlet boundary conditions. There are many well-known results about (.). Del Pino and Felmer in [] introduced shorter and more elementary arguments with respect to those in [, ]. Wang in [] obtained multiple solutions of (.) by using Ljusternik-Schnirelman method. In [], Grossi et al., obtained a solution of (.) with k maxima points, k is a given positive integer. We refer the reader to [-] for further references.
As far as we know, Avial and Yang [] were the first to approach the singularly perturbed system (.) with Neumann boundary conditions; they considered (.) with special nonlinearities
. By means of a dual variational formulation, they proved that there exist nontrivial positive solutions u ε and v ε in C  ( ), which have global maximum point at different points. A more direct approach was proposed in [-]. In these papers, the authors extend the idea, which is introduced by Del Pino and Felmer in [] , to system (.). In [], Pistoia and Ramos proved the least energy solutions of system (.) concentrate at a point of the boundary, which maximizes the mean curvature of the boundary of . Pistoia and Ramos [] consider system (.) with Dirichlet boundary condition, they proved the existence of the least energy solutions. The solutions are concentrated, as ε goes to zero, at a point of , which is maximized in distance to the boundary of .
Let us recall the idea mentioned in [-], their proof based on the well-known result of Gidas et al. [] , that is, the uniqueness solution of the equation
here w is radially symmetric and is strictly decreasing, and w (r) <  for r > . But the uniqueness result for the following system corresponding to (.) is not known.
Besides, it is known that the underlying minimax theorem associated to ground-state level of (.) is an infinite-dimensional linking, this is in contrast with (.). We refer the reader to [, ] for more details on this.
In this paper, we prove the existence of nonconstant positive solutions u ε , v ε ∈ C  ( ) ∩ H  ( ) of system (.), and estimate the energy functional of (.) on the configuration spacē H (defined in Section ) by a different technique, which is compared with [] . This estimation is an important step in the proof of H(P  ) = max P∈∂ H(P), where H(P) denotes the mean curvature of ∂ at the boundary point P. We conclude the least energy solutions of system (.), concentrated at the point of boundary, which maximizes the mean curvature of the boundary of . http://www.boundaryvalueproblems.com/content/2013/1/194
Statement of main results
The assumption to f , g ∈ C  (R N ) is a typical superlinear subcritical one, as in [], we assume that the following holds.
. There exist two real numbers
Remark . Examples of nonlinearities satisfying (S  )-(S  ) are
where
We should point out that (S  )-(S  ) are the natural extension of the assumptions for the scalar case (single equation). Let us recall the assumptions on single equation such as (.).
Assume that f : R → R is continuous and satisfies the following structure assumptions.
Remark . Assumption (S  ) is the 'system edition' of (f  ). (f  ) is the famous AmbrosettiRabinowitz superlinear condition [] , which has appeared in most of studies for superlinear problems. In fact, it implies that the super-quadratic condition on F(t). It has been used in a crucial way not only in establishing the mountain-pass geometry of the functional, but also in obtaining bounds of (PS) sequences. Assumption (S  ) implies that
which play a important roll in the proof of the existence of system's solutions. So it is the 'system edition' of (f  ).
Without loss of generally, we may assume that  ∈ . By the following rescaling: 194 To simplify the notations, we define := ε . Associated with (.) is the energy functional
We define the norm
It can be observed that the following orthogonal splitting holds: Remark . The estimation (.) is an important step in the proof of
where H(P) denotes the mean curvature of ∂ at the boundary point P. So we can conclude the least energy solutions of system (.) concentrate at a point of the boundary, which maximizes the mean curvature of the boundary of .
Proof of Theorem 2.3
To prove Theorem ., we need the following lemma. Let u ε , v ε be the solutions of (.), in order to simplify the notations, we define u := u ε , v := v ε , 
Lemma . Supposing the assumptions in Theorem . hold, I  (t) admits the following properties:
, where u and v are the solutions of (.), that follows I  () = . Again by (.),
Next, we want to show I  () > .
The left side in last inequality is equal to f (s)s -F(s), so f (s)s ≥ ( + δ)F(s). By the same way, g(s)s ≥ ( + δ)G(s). Then (.) can change to
So, we get the properties (i)  .
To prove (ii)  is equal to show
We only need to prove for  < p < N/(N -),
By (S  ), there exist C such that
As the same,
We prove (.) by contradiction. Assume that there exists a subsequence t n such that
So, for any φ ∈ H  ( ), we have
Take φ =  in the last equality, then
For p is a number between  and N/(N -), u ≡ , we deduce u = -v. It contradicts with the original assumption of u = -v. Now, we turn to the prove of (iii)  . By (.),
in the same way,
Thus, we obtain I  () < . 
The assumption (H) in Proposition . is composed of (S  ), (S  ) and (.). By Proposition ., the existence of solutions can be proved under (H). So, we can get the existence of solutions of (.) under (S  )-(S  ).
The rest of the paper is devoted to the proof of (.). By the definition of spaceH, we only need to prove for any φ ∈ H  ( ), t ∈ R, t >  the following holds,
Obviously t ≡ . By (.), (.) is equal to
We prove (.) by contradiction, suppose that the maximum point of I  (t) is t  ≥ , and t  = .
Let I  (t) = , we get
Thus, by (.), we have
We claim that the function I  (t), defined in (.), has the following properties: http://www.boundaryvalueproblems.com/content/2013/1/194 
Combined with (.), I  () = -I  (). By Lemma ., I  () < , so I  () > . Now, we turn to the proof of (ii)  . Let I  (t) = , by (.),
